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4 Claims,

This invention relates to the terminating and
jointing of electric cables, iniended to work at
very high voltages. It deals with that type of
termination or joint in which a sleeve slipped
over the bared end of the cable dielectric is used
to reinforce this disleciric and to control the
stress distribution in i and on it and generaily
in the region surrounding this bared end, thet is
to say the part from which the sheath and con-
ductive screen, usually provided, have Dbeen
stripped. As is well known such sleeves, which
are frequently described as of the condenser typs,
are made by machine-wrapping on a tube of
Bakelized paper, or other appropriate dielectric
material, 4 shest of dielectric material, which
may be impregnated paper, which is coiled up
to the appropriate thickness and has, during the
coiling, conductive layers inserted at intervals in
it. Each of these layers may consist of a strip
of metal foil and is of such g length as to make
& complete turn round the axis within the wrap-
ping of sheet dielectric material, The layers are
much shorter. axially than the tube and are
spaced apari, both radially and longitudinally,
and serve with each other and with the’ cable
conductor to establish a number of capacities
by which the distributions of the electric field
and of the resulting stress are made to have
the desired form. A particular object of such
an arrangement is to obtain an appropriate
(usually uniform) distribution of potential longi-
tudinally at the surface of the stripped cable
dielectric, i -

Such an arrangement .of conductive layers
within the sleeve may have the conducting sur-
faces, when seen in a longitudinal axial section
of the tube, disposed in an overlapping series
extqnding through the length of the sleeve. This
series may progress continuously from the out-
side towards the inner part of the dielectric or
from the inner part towards the outside through-
out the length of the sleeve, or may progress
inwardly in one part of the length and cutwardly
in another part.of the length. The latter ar-
rangement has the advantage of providing stress
control over a considerable length without using
a tube of extravagant external diameter.  For
higher voltages the arrangement may be extended
to more than the two modes of arrangement, for
instance, the conductive layers may st one end
start near the inner surface, go outwards to the
neighbourhood of the outer surface of the sleeve
and then come inwards towards the inner sur-
face and then progress outwards again towards
the outer surface. :

The desired result of obtaining g fairly uniform
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where the sleeve approaches the sheath or screen,
or other earthed or earthy part by which this
stripped part of the cable dielectric is terminated,
In accordance with the ‘invention we provide s
sleeve and stress buffer cone s¢ arranged and
combined that the difficulties in this region are
effectively dealt with.

In this arrangement a sleeve of the kind indi-
cated is used in which the earthy end has its
terminating conductive layer at or near the outer
cylindrical surface of the sleeve and has the
dielectric material continued longitudinally be-
yond that layer, tapering off in thickness towards
the tube on which the sleeve is built up. Accord-
ingly, the tube with the tapering covering of
dielectric material projects axially beyond the
main body of the sleeve with its conductive layers
therein, .

The dielectric material which projects in this
way tapers off to a fine angle, when seen in cross-
section, at the tube. This tapering part when
in position on the cable end lies with the end
of this tube at a distance from the end of the

‘earthed or earthy covering of the cable dielectric

(sheath or screen) and, over this tapering end

"and the length of stripped cable dielectric re-

maining uncovered, is built up a dielectric layer
to an appropriate thickness from tightly applied
flexible tape, for instance varnished silk tape.
This layer is formed, at the end adjacent to the
cable screen or sheath, with’ a taper so as to
provide a buffer cone with a surface on which

. lies a conducting layer extending from the
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earthed or earthy part of the cable to the nearest
conductive layer of the sleeve. The buffer cone
thus formed preferably extends outward to the
diameter of the outside of the sleeve and consists
of a conical portion and a cylindrical portion
so disposed that the tapering end portion of the
sleeve lies wholly within the cylindrieal portion.
As above indicated the whole of the surface of
this cone and its cylindrical extension is covered
with a flexible conductive layer, for instance a
wrapping of flexible conductive tape.
Constructed in this way the buffer cone and
the condenser type sleeve combine to give a stress
distribution which avoids the production of places
where may be caused deterioration due to ionisa-
tion, or other result of local high stress values
beyond the strength of the dielectric in such
places. A layer of air or other gas hetween the

_ stripped cable dielectric and the inside of the

~ distribution of longitudina] stress on the surface -

of the stripped cable dielectric can be obtained
by means of the sleeve over a considerable length,
but difficulties are encountered in the region

60

sleeve is unavoidable, but the stresses there, both
radial and longitudinal, are controlled by the

¥ arrangement of the conductive layers in the

sleeve as far as they extend along the sleeve. In
this gas space within the sleeve, where it projects
axially beyond the last conductive layer, the
longitudinal stress is kept very low, owing to the
fact that the dielectric builg up of flexible tape
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over it has a constant or approximately constant
outside diameter with an earthy conductive layer
on the outside thereon. The radial stress in this
gas space is also low because of the large external
diameter of the built-up dielectric here. Any
space containing a layer of gas on the outside
- of the cable dielectric is practically eliminated,
or made of very small radial dimensions where
it exists, in the part covered by the tightly ap-
plied and appropriately fexible dielectric mate-
rial between the tapered end of the sleeve and
the place where the stripping of the cable dielec-
tric terminates. Accordingly this part is not
subject to deterioration under radial stress. The
longitudinal stress on this surface is controlled
appropriately by the conical buffer with its con-
ductive covering, ‘ )

The invention is illustrated in two examples
to be described by reference to the accompanying
drawings. In these )

Figure 1 shows in longitudinal section a sealing
end for 2 high voltage cable (of a kind appro-
priate for 132 kv.)

Figure 2 shows on enlarged scale a part of
Figure 1; and

Figure 3 shows a longitudinal section one-half
of a joint between two lengths of a cable similar
to that to which Figure I applies.

In these examples the invention is applied to
a gas filled cable of the kind described in the
specification of Letters Patent No, 2,067,169, .

In this type of cable the dielectric is composed
of pre-impregnated paper and there is no free
compound in the spaces between the turns and
layers of paper. These spaces are filled with gas
under pressure, which thus forms part of a com-
posite dielectric. ) :

A sealing end for such a cable comprises two
co-axial chambers enclosed by the metal base {,
the inner and outer tubular insulators of porce-
lain 2 and 3 and the inner and outer terminal caps
4 and 5. The inner chamber is subjected to the
pressure of the gas in the cable. It is closed at

the lower end by the downward extending gland

§ attached to the base §. This is sealed to the
inner sheath T of the cable as shown at 8 within
the gas feed gland 9. The latter is sealed off at
the lower end by the cast plumb {0 which also
seals off (not shown) the space between the inner
and the outer sheaths of the cable. By way of
the gas feed gland 9 high pressure gas can be
fed into the cable. Above the end of the inner
sheath T a short length of the screen on the cable
dielectric is exposed at {1 and above this point
the impregnated paper dielectric 12 of the cable
is bared. This dielectric is removed from g short
length of conductor i3 at the upper end. The
conductor end.is inserted in a socket 14 which
is connected to a bridge 15 forming part of the
ring 16 which is attached to the top of the inner
insulator 2 and has mounted on it the inner cap
4. Connection is thus made from the cable con-
ductor 13 to the cap & and the terminal stud 7
carried by it and passing through the outer cap 5.

The condenser type sleeve is built up on a
bakelized paper tube I8 and is composed of a
wrapping of impregnated paper {9 between the
turns of which are -placed conducting layers
(metal foil) 20. These layers, as shown in Figure
1, commence at the top near the outer surface
of the sleeve and are spaced from each other
both radially and longitudinally forming a series
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which, as it proceeds down the sleeve from the

top to the bottom, passes first inwardly towards
the bakelized paper tube {8 and then outwardly

78
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again so that both the first and last layers are
near the outer surface of the sleeve. The first
layer is connected by means of the conductor 2{
to the socket 14 and accordingly, has the poten-
tial of the cable conductor. The last layer is

‘connected, in a manner to be described, to the

screen (1 and sheath 1 and, accordingly, has
the potential of these parts; that is usually earth
potential. This form of sleeve provides a sub-
stantially uniform distribution of longitudinal
stress from the upper to the lower end of the part
of the bared cable dielectric 12 which is enclosed -
within the space over which the conductive layers
20 extend. .

The tube {8 is a fairly close fit on the cable
dielectric 12 and is placed as shown so that its
upper end is level with the edge of the cable di-
electric where it is cut away to uncover the con-
ductor 3. Over the'end of the cable dielectric
and the upper end of the sleeve is placed a wrap-
ping 22 of varnished silk tape which seals off
these parts and the conductors from the sur-
rounding compound with which the inner cham-
ber is filled up to the level 23. A similar filling
of the outer chamber takes place up to the level
of the top of the insulator 3.

The arrangement at the lower end of the sleeve
18 will be described with reference to Figure 2.
It will be seen that the tube 18 extends beyond
the end of the last of the series of conductive
layers 20 and that the dielectric 19 tapers off
from the outside to the inside of the sleeve at
this end, leaving the edge of the end layer 20
at the point 24 and tapering to a thin edge on
the tube {8 at the point 25. Between this point
and the end of the conductive screen {1 of the
cable is a length .of bared cable dielectric. Over
this length and over the tapering part of the end
of the dielectric 19 of the sleeve is built up a body
of dielectric material 28 consisting of tightly ap-
plied turns of varnished silk tape. This body of
dielectric material 26 at the upper end has a cylin-
drical form of the diameter of the outer surface
of the sleeve. This cylindrical part extends from
the point 24 to the point 27 which is approxi-
mately at the same level as the point 25. From
this point the additional dielectric 26 tapers off
down to the region where it meets the screen 11.
Over this built-up body of dielectric is applied a
covering 28 of conductive tape which makes con-
nection at the lower end with the sheath 7 and
forms an outer conductive covering as usually
applied to buffer cones. The conductive tape 28
connects at the point 24 with the end conductive
layer 20 of the sleeve.

By the construction just described the desired
distribution of potential is obtained at and near
the lower end of the sleeve. The longitudinal
stress in the region between the points 24 and
27 at the surface of the cable dielectric 12 is kept
very low owing to the uniform diameter of the
conductive covering 28. Here, at the same time,
the radial stress at the surface of the dielectric
12 is low because of the large diameter to which
the additional dielectric 26 is built up. From the
point 25 down to the screen Il any layer of gas
at the oufside of the cable dielectric 12, if present,
must be of very small radial dimensions owing
to the nature of the dielectric 12 and the manner
in which it has been applied. Here the longi-
tudinal and radial stresses are kept within satis-
factory limits by the well-known effect of the
buffer cone.

The arrangement for a joint, as shown in Fig-
ure 3, is very similar to that described in connec-
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tion with a termination. This figure shows only
one-half of the joint but as the Joint ig sym-
metrical the figure constitutes in effect an indi-
cation of the form of the whole joint and it win
only be necessary to describe the portion shown.

From each end of the lengths of cable to be
joined cable dielectric 12 is removed, ‘exposing
the conductor 13 and making a smooth, gradusally
tapering end 30. The two conductors are joined
by the ferrule 3!. A condenser type sleeve 32
built up of pre-impregnated paper on a Bakelized
paper tube 33 with metal foil inserts 34 is slipped
over the cable dielectric to the position shown
This sleeve has its dielectric material tapered off
at both ends and has the conductive layer at
the high' potential end near to the tube 33 and
the other layers forming a series extending radi-
ally outwards so that the layer 34 at the low DO~
tential end is near the outside of the sleeve. Over
the ferrule 31, bared conductor 13 and the tapered
part of the cable dielectric is applied a lapping of
conducting tape 36 which is connected with the
innermost layer 34 and forms a continuous cov-
ering from that layer to the ferrule and thence
to the corresponding layer in the other half of
the joint. Over this covering and the adjacent
end of the sleeve 32 is built up in known manner
8 body 37 of dielectric material. This at its
widest part substantially fits the metal joint
sleeve 38, ,

At the low potential end of the sleeve 32 the
construction is the same ag that described in con-
nection with Figure 2 for a termination. The di-
electric material of the sleeve extends endwise
beyond the outmost conductive layer 34 tapering
inward to the tube 33. Over this tapering part
and the adjacent cable dielectric is built up a
body 39 of dielectric material formed of tightly
lapped varnished silk tape and over this a layer
of conductive tape 40 is applied extending from
the cable screen [ to the outer surface of the
sleeve making connection with the conductive
layer 34 at that end of the sleeve. The layer 40
is extended, in this case, over the sleeve and the
additional dielectric material 37 50 as to form a
complete covering of the joint, ‘The body of ad-
ditional dielectric 3¢ has a cylindrical form from
the end of the sleeve to beyond the end of the
tube 33 and then tapers off in a buffer cone.

The joint sleeve 38 is filled with compound up
to the level 42 in the domes 43 and 44. The upper
parts of these domes are fllled with gas under
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outside of the said body joining electrically the
said layer to the said covering. '
2. A construction suitable for terminations and
joints of electric cables, comprising a length of
cable on the end part of which the dielectric has
been laid bate by the removal of the conductive
covering, a sleeve of dielectric materia] fitting
over part of the bared end of the cable dielectric
and containing co-axial conductive layers, where-
by the stress distribution in and near the bared
cable dielectric is controlled, a conductive layer

‘at the earthy end of the sleeve being located at

or near the outer surface of this sleeve and the

‘dielectric material of the sleeve being continued

longitudinally beyond this layer, tapering off to-
wards the inner surface of the sleeve, a body of
dielectric material built up over this tapering part .
and a length of the adjacent bared cable dielectric
to the diameter of the outside of the sleeve to
form a cylindrical portion, so disposed that the
tapering end of the sleeve lies wholly within it,
and to form a tapering portion beyond the cy-
lindrical portion extending to the commencement
of the conductive covering on the cable dielectric

.and a conductive skin on this built-up dielectric

material joining electrically the said conductive
layer to the said covering.

3. A termination of an electric cable, compris-
ing a length of cable on the end part of which
the dielectric has been iaid bare by the removal
of the conductive covering, a sleeve of dielectric
material fitting over part of the bared end of the
cable dielectric and containing co-axial conduc-
tive layers spaced radially and longitudinally rel.
ative to each other the two end layers being at or
near the outer surface of the sleeve and that at
the high potential end being connected with the
cable conductor, the dielectric material of the
sleeve at the earthed or earthy end tapering oft
towards the inner surface of the sleeve, a body

- of dielectric material built up over this tapering

50

pressure which is in communication with the in-

terior of the cable by way of the pipes 485.

What we claim as our invention is:

1. A construction suitable for terminations and
joints of electric cables, comprising a length of
cable on the end part of which the dielectric has
been laid bare by removal of the conductive cov-
ering, a sleeve of dielectric material fitting over
part of the bared end of the cable dielectric and
containing co-axial conductive layers, whereby

the stress distribution in and near the bared

cable dielectric is controlled, a conductive layer
at the earth or earthy end of the sleeve being
located at or near the outer surface of the sleeve
and the dielectric material of the sleeve being ex-
tended beyond this layer, tapering off towards
the inner surface of the sleeve, a body of dielec-
tric material extending over this tapering part
and a length'of bared cable dielectric adjacent
to it, said body extending from said conductive
layer to the commencement of the conductive
covering on the cable dielectric, tapering off to
the latter, and a conductivg skin applied over the

55

60

85

70

75

part and the adiacent length of bared cable di-
electric fo the commencement of the conductive

" covering on the cable dielectric, tapering off to

the latter, and a conductive skin on the said body
joining electrically the conductive layer at the
adjacent end of the sleeve to the said covering.

4, A joint of an electric cable comprising a
length of cable on the end part of which the di-
electric has been laid bare by the removal of the
conductive covering, g sleeve of dielectric ma-
terial fitted over part of the bared end of the
cable dielectric and containing co-axial condue-
tive layers spaced radially and longitudinally rel.
ative to each other, whereby the stress distribu-
tion in and near the bared cable dielectric is con-
trolled, the layer at the high potential end being
at or near the inner surface of the sleeve and
being connected with the cable conductor, the
1ayer at the earth or earthy end of the sleeve
being at or near the outside of the sleeve and the
dielectric material of the sleeve being continued
beyond this layer, tapering off towards the inner
surface of the sleeve, & body of dielectric mate-
rial built up over this tapering part and the ad-
jacent bared cable dielectric and extending to
the commencement of the conductive covering on
the cable dielectric, tapering off to the latter, and
a conductive skin on said body joining electrical-
ly the said layer to the said covering.
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